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Abstract  
Soil management techniques may influence soil vulnerability to threat factors such as erosion, compaction, 
loss of organic matter and biodiversity, contamination and, interacting with pedoclimatic and geo-morphological 
conditions, they may regulate soil chemical, physical and biological fertility. It has been observed that soil 
disturbance actions such as tillage, chemical weed, contamination may interact with edaphic communities, but 
this topic has been very poorly studied in vineyards. The objective of the study was to evaluate some soil quality 
parameters  in vineyards subjected to different soil management practices.  
The vineyards were located in Piedmont (North West Italy) in the production area of Barolo wine. The soils 
were characterized by profile description, chemical-physical analysis, estimation of compaction and erosion. The 
used floor management techniques were described and amplitude and homogeneity of the natural grass cover 
were estimated. Biological fertility was assessed evaluating arthropod community (QBS-ar), microbial 
respiration and microbial biomass.  
The vineyards had an average slope of 14°, soils presented fine texture, high limestone content and alkaline 
pH; these factors determine a generally high erosion vulnerability. Autumn tillage alternating row-interspaces or 
on each row-interspaces is the most diffused floor management practice. Despite inter-row natural grass cover is 
becoming increasingly widespread in the this area, its application does not seem related to the prevention of soil 
vulnerability and to improve soil quality; for that reason no robust evidence of interactions between cultivation 
practices and soil quality indicators emerged from this first results. Nevertheless, it is clear that major and deeper 
informations would allowed farmers to be aware in choosing soil management techniques; in addition, more 
efficient practices in protecting soil from threats need to be widely spread, especially in vulnerable areas.  
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1 INTRODUCTION  
Soil management techniques have considerable potential to mitigate or increase soil vulnerability to threat 
factors such as erosion, compaction, loss of organic matter and biodiversity, contamination. Cultural choices, 
interacting with the pedoclimatic and geo-morphological conditions, can therefore help to regulate many aspects 
of the soil quality. The grass cover may play a huge role in protecting soil from physical damages (Ferrero et al. 
2005) or in increase environment biodiversity (Norris and Kogan 2000; Marshall et al. 2003; Baumgartner et al. 
2005) as well as, it is reported that soil disturbance actions such as tillage, chemical weed, fertilization may 
interact with edaphic communities (Doles et al. 2001; Marinari et al. 2006; Moscatelli et al. 2007; Fließbach et 
al. 2007; Tabaglio et al. 2009; Sanguankeo and León 2010; López-Piñeiro et al. 2013). Soil quality commonly is 
indirectly evaluated estimating some biological indicators such as BSQ-ar (Parisi et al. 2005), microbial 
biomass, basal respiration (Fließbach et al. 2007; Probst et al. 2008); however, this aspect has been very poorly 
studied in vineyards. 
The hilly area of Langhe Piedmont, North-West Italy, has an extension of about 4000 km2 and has a 
temperate suboceanic climate. The deep slopes (on average 10-20 %) and their high vulnerability to soil erosion, 
cause severe limitations to the soil use (AAVV 2007). Erosion effects and landslides are considerably increased 
in this area as a consequence of intense and frequent meteoric events, more and more diffuse in the recent years. 
The fragility of the hilly slopes is amplified by the widespread intensive viticulture, by the levelling and 
excavation works operated for establishing vineyards (Bazzoffi and Chisci 1999; Guidoni et al. 2012) and by the 
not always convenient cultivation techniques. These reasons make the considered area an ideal environment for 
developing projects purposing to identify appropriate measures for the protection and the preservation of deep 
slope land, where, in particular, vineyards are established.  
The objective of the present part of the study was to evaluate the impact of soil chemical-physical 
characteristics and soil management practices on soil biological quality and, secondarily, to spread more and 
more the use of good practices in order to protect soil from threat factors. 
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2 MATERIALS AND METHODS 
The study took place in 2012-2013 in Piedmont, in an area characterized by steep slopes extensively 
covered by vineyards, largely used for the Barolo DOCG wine production. 19 vineyard soils were characterized 
by profile description (IPLA 2003), chemical-physical analysis (MiPAF 2000), estimation of erosion 
(Wischmeier and Smith 1978). A soil “texture index” was calculated as [(Silt + clay + very fine sand)/fine sand 
+ coarse sand)]. The soil management techniques were identified and the amplitude and homogeneity of the 
natural grass cover were assessed during summer season, in six plots for each vineyard by measuring the width 
of grassing and estimating the percentage of the cover. In the same plots, in order to estimate soil compaction, 
bulk density was assessed by sampling a known volume of soil between 2.5-7.5 cm, on the center of the alleys 
and on the wheel tracks. In order to assess biological fertility, on the alley center, earth clods were sampled  and 
microbial biomass (Vance et al. 1987), microbial respiration (Sequi et al. 2003), total organic carbon (TOC) 
(Springer and Klee 1954) and arthropod community (BSQ-ar) (Parisi 2001; D’Avino 2002) were evaluated. 
Chemical-physical data were normalized and submitted to the principal component analysis (PCA). To 
evaluate sampling adequacy and to test the correlations between variables, the Kaiser–Meyer–Olkin (KMO) 
index and the Bartlett’s test of sphericity were applied, respectively. 
 
3 RESULTS AND DISCUSSION 
The vineyards were located on slope (in average 14°), at an average elevation between 245 and 480 m above 
see level;  the slope exposure varied from North-East (74°) to North-West (327°). Ten of the studied soils 
belonged to the order of Entisols, eight to the Inceptisols and one to the Alfisols (AAVV 1999) (Table 1). The 
lithologic substrate of this area is ‘Marne di Sant’Agata Fossili’ (marls, composed of gray or gray-whitish silty-
clayey marls); these soils present a high amount of carbonates coming from parent material (CaCO3 21.2 % and 
pH 8.3 on average) and a loamy texture, whit a high amount of fine silt (Table 1) (Guidoni et at. 2013). The 
organic carbon (OC) in these soils was often present in low or very low amount, the C/N ratio indicate a general 
prevalence of the mineralization process and the Cation Exchange Capacity (CEC) variable from 5.3 and 17.5 
meq 100g -1, well correlated with the organic carbon content (r2 = 0.64) (Table 1). 
 
Table 1: Vineyards descriptions, physical and chemical indices of soil quality (OC: organic carbon; CEC: 
Cation Exchange Capacity). 
SITES Altitude (m a.s.l.) 
Exposure 
(°) 
Slope 
(°) Soil order Texture 
OC 
(%) C/N 
CEC 
(meq 100g -1) 
271 480 250 3 Inceptisol Loam 1.02 12.8 17.5 
272 337 225 5 Entisol Silty loam 0.40 2.9 6.8 
273 390 190 14 Inceptisol Loam 0.64 6.4 9.8 
274 330 235 5 Entisol Silty loam 0.71 7.9 6.6 
283 332 174 13 Inceptisol Silty loam 1.44 7.6 16.9 
284 286 266 13 Inceptisol Silty loam 0.81 3.5 8.0 
285 250 250 16 Entisol Silty loam 1.76 6.8 18.0 
286 330 327 17 Entisol Silty loam 1.05 6.2 13.8 
287 315 340 12 Entisol Silty loam 1.50 8.8 - 
288 320 300 8 Inceptisol Silty clay loam 0.71 5.1 13.8 
289 377 209 12 Entisol Silty loam 0.42 3.5 8.9 
290 420 280 14 Entisol Silty clay loam 0.54 3.0 7.6 
291 360 200 20 Inceptisol Loam 0.78 4.9 8.7 
292 280 146 19 Inceptisol Loam 1.41 7.4 12.9 
293 255 170 10 Inceptisol Silty clay loam 0.47 4.3 7.5 
294 220 135 20 Entisol Loam 0.52 4.3 5.3 
295 373 90 18 Entisol Clay loam 2.72 11.3 13.5 
296 265 74 10 Alfisol Clay loam 1.21 7.1 16.4 
297 285 104 20 Entisol Silty clay loam 1.19 5.4 11.9 
 
Autumn tillage alternating row-interspaces or on each row-interspaces (T) and inter-row natural covered by 
grass (CG) were the most diffuse floor management practice in the observed sites; in both situation grass 
chopping was performed in summer season. When PCA was applied to the best model obtained after application  
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of the KMO test (0.71) and Bartlett’s test of sphericity (p-value = 0.013) to the chemical-physical parameters 
(Figure 1), the sites were ordinated on the base of their composition and bulk density more than on the base of 
the applied floor management techniques. The used variables were OC, CEC, C/N, Ca/K, texture index, bulk 
density. PC1, PC2 and PC3 explained, respectively, 46, 18 and 14 % of the model variance; OC, CEC and C/N 
were highly correlated to the PC1; Texture index, Ca/K to the PC2 and bulk density to the PC3.   
 
 
Figure 1:  Distribution of the sites as resulting from the submission of the chemical-physical parameters to 
PCA (PC1 vs PC2 on the left, PC1 vs PC3 on the right).  = inter-row permanently covered by grass;  = 
inter-row tilled during autumn season. 
 
Nine of the 19 sites were in the 'high' or 'very high’ erosion classes, i.e. the estimated values of annual soil 
loss were above 15 and 30 t ha-1, respectively (AAVV 2007). Only in five sites, estimated erosion was less than 
6 t ha-1 year-1, that is considered a sustainable amount of soil loss (Bazzoffi and Tesi 2011) (Table 2).  
 
Table 2: Floor management techniques, evaluation of soil erosion and bulk density values.  
SITES Floor 
management*  
Soil erosion 
(t·ha-1·year-1) 
Erosion 
class** 
Inter-row 
bulk density 
(g cm -3) 
Wheel-tracks 
bulk density 
 (g cm -3) 
271 CG 4 medium 1.47 1.67 
273 CG 22 high 1.55 1.42 
283 CG 8 medium 1.14 1.45 
288 CG 7 medium 1.47 1.35 
290 CG 3 medium 1.32 1.60 
291 CG 8 medium 1.49 1.49 
292 CG 77 very high 1.17 1.49 
293 CG 44 very high 1.52 1.64 
295 CG 43 very high 1.31 1.56 
296 CG 7 medium 1.14 1.44 
272 T 46 very high 1.41 1.47 
274 T 2 low 1.30 1.40 
284 T 27 high 1.32 1.40 
285 T 13 medium 1.27 1.35 
286 T 2 low 1.36 1.40 
287 T 31 high 1.42 1.43 
289 T 20 high 1.39 1.32 
294 T 2 low 1.20 1.40 
297 T 24 high 1.18 1.42 
mean ± s.e CG 22.3 ± 7.76 --- 1.36 ± 0.03 1.47 ± 0.03 
mean ± s.e T 18.5 ± 5.17 --- 1.31 ± 0.03 1.40 ± 0.02 
*CG = inter-row permanently covered by grass; T = inter-row tilled during autumn season. 
**Low < 3 (t·ha-1·year-1); medium 3÷15 (t·ha-1·year-1); high 16÷35 (t·ha-1·year-1); very high > 35 (t·ha-1·year-1)  
 
However, it seems that growers, in choosing the floor management technique, did not take into account the 
factors increasing soil propensity to erosion, i.e. soil texture and land slope, as demonstrate by the high 
heterogeneity of the estimated erosion values within the CG or T sites (Table 1 and 2). As expected, in tilled 
vineyards the bulk density values were lower both on the centre of the alleys and on the wheel tracks; 
nevertheless, even when no tillage were made, the soil compaction was well under the level that may negatively 
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impact on the root growth (Table 2) (Jones 1983). Thus, these values are not high enough to justify annual tillage 
in order to loosen and aerate the top layer of soil. 
Unlike an ideal situation in which grassing should cover the 80 % of the inter-row distance, i.e. excluding 
the portion below vines given by the projection of the canopy on the ground, and considering the average values 
of all the vineyards, the width of grass strips was no more than 57 % of the inter-row surface. The coverage was 
limited (around 50 %) also in CG vineyards where, instead, a higher homogeneity of coverage was expected if 
compared to T vineyards. The lack of differences between differently managed floors (Table 3) seems to be 
attributable to a non-optimal grassing management that did not allow to obtain a homogeneous coverage and an 
effective action against erosion. 
 
Table 3: Width (as % of inter-row) and coverage (%) of grassed strips in permanently grassed (CG) and 
autumn tilled (T) vineyards (mean values of 2012 and 2013).  
SITE Width (% of inter-row) 
Coverage 
(%) SITE 
Width 
(% of inter-row) 
Coverage 
(%) 
 Permanently grassed (CG)  Autumn tilled (T) 
271 65 66 272 40 36 
273 55 54 274 58 49 
283 68 78 284 66 38 
288 62 68 285 58 38 
290 51 40 286 49 30 
291 62 63 287 46 44 
292 61 52 289 71 45 
293 51 33 294 51 77 
295 76 37 297 56 55 
296 42 21    
mean ± s.e. 59  ± 2.58 51 ± 5.72 mean ± s.e. 55 ± 3.44 46 ± 4.65 
 
The assessment of soil microbial biomass and soil respiration, the calculation of derived indexes (microbial 
carbon:TOC ratio and qCO2) and the evaluation of the SBQ-ar are useful for estimating the soil biological 
quality (Fließbach et al. 2007; Probst et al. 2008). Floor management technique did not influence the soil quality 
attributes (Figure 2) but a huge impact of the season was observed on TOC and microbial carbon and, as a 
consequence, on the derived ratios (Figure 2). As reported (Marinari et al. 2006), the values of microbial 
carbon:TOC and qCO2 ratios may be influenced by the soil management strategy (organic vs conventional); in 
particular the ratios were increased and decreased, respectively, when organic strategy was performed in durum 
wheat, mainly due to organic fertilizations. Since in our study, the higher values were obtained in 2013, that was  
the rainiest season, it could be assume that also the meteorological conditions may influence the development 
and activity of the edaphic community.  
The increased efficiency of microbial population during 2013 was also described by the low value of qCO2 
index; in other words, the microbial biomass required a lower amount of substrate to obtain an equal amount of 
energy reducing the mineralization rate of the organic matter. For that reason, the qCO2 index is inversely related 
to the energy transforming efficiency; thus it can be an indirect indicator of soil biological quality (Marinari et al. 
2006). 
The BSQ-ar analysis estimates soil biological quality evaluating the characteristics of the soil 
microarthropods community (Parisi 2001); microarthropods taxa presented in the first layer of soil (20 cm) were 
identified and a score was attributed to each of them according to the biological forms identified in the sample. 
Biological forms estimate the level of adaptability to soil conditions of each individual. Among biological forms, 
the eu-edaphic groups are particularly important being forms adapted to deep soil life (i.e. losing pigmentation 
and visual apparatus; losing appendages like hairs, antennae, legs, wings). Higher is the number of 
microarthropods groups well adapted to the soil habitat, higher is the value of BSQ-ar index and higher is soil 
quality (Parisi 2001). 
Three field replicates of each soil were analyzed and, on the base of the BSQ-ar score, were placed in 
arbitrary BSQ-ar classes and the percentage of samples within each class was calculated (Figure 3). On the 
contrary to the expected, T soils were insert in higher BSQ-ar classes (Figure 3a) and, if compared to CG soils, a 
higher percentage of samples included numerous eu-edaphic groups (Figure 3b). Seasonal sample distribution 
(Figure 3c and 3d), confirmed the findings of the soil biological fertility analysis (Figure 2), namely that vintage 
(or soil water conditions) may affects the behaviour of the microarthropods community. This hypothesis remains 
to be verified as no studies on this topic are present in literature.   
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a  b  c  
d  e  
Figure 2: Soil biological fertility indexes for 2012 and 2013; [a: Total organic carbon (TOC) (g C 100 g-1); 
b: Microbial carbon (mg C kg-1); c: Soil respiration (mg C kg-1 day-1); d: Microbial carbon /TOC (%); e: 
qCO2 (soil respiration/microbial carbon)]. 
 
a  b  c  d  
 
Figure 4: Biological Soil Quality (BSQ-ar) for 2012 and 2013; [a and b: BSQ-ar and percentages of eu-
edaphic groups, respectively, of CG and T samples, as mean values of 2012 and 2013; c and d: BSQ-ar in 
2012 and 2013, respectively, as mean values of CG and T samples]  
 
4 CONCLUSION 
The study aim was to verify the biological quality of soils in steep slope vineyards, tilled in autumn or 
permanently grass covered, through the evaluation of specific indexes. An important incongruity emerged 
between the site characteristics and chemical-physical properties of the soils and the applied floor management 
techniques. It seems that the techniques were not chosen as a function of soil vulnerability to threats such as 
erosion or loss of fertility (biodiversity), due to a lack of knowledge of the technical issues more than  
negligence. It follows, in the first instance, the need for a better application of techniques such as grassing, very 
useful to maintain or improve soil fertility and quality. Therefore, seasonal variability influenced the behaviour 
of edaphic community much more than used techniques, probably for the imperfect application of grassing 
and/or to the limited intensity of tillage in this area. The evaluation of soil quality indexes can help to understand 
the effect of anthropic actions on the conservation of soil biodiversity and to evaluate the potential of edaphic 
community in maintaining soil fertility. Since this type of assessment has been very little applied to the vineyard, 
there are no confirmations and deepening in scientific literature, but a certain interest in viticulture is expected 
where sustainable agricultural strategies are increasingly request. In fact, unlike other crops, vineyards have 
excellent potential in preserving the agro-ecosystem quality. 
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